The composition of a strandveld plant community and vesicular-arbuscular 0JA) mycorrhizal infectivity of soils from two sites of strandveld and one of sand plain lowland fynbos, south-western Cape, were determined. The root systems of seedlings of one of the strandveld plant communities at Nortier Experimental Farm, Lamberts Bay were surveyed for VA mycorrhizal colonization. Only 42% out of 41 species that were examined in the strandveld community were mycorrhizal. Relative to other studies, the number of VA mycorrhizal propagules in the soil for all three sites was low (i.e. <21 propagules 100 g-1 soil). This low incidence of VA mycorrhizal propagules and infectivity is discussed.
Introduction
Vesicular-arbuscular (V A) mycorrhizal fungi are widely associated with root systems of temperate grasslands (Read et at. 1976) and Kenyan savanna (Newman et at. 1986) and play an important part in the mineral nutrition of plants (Harley & Smith 1983) . These and other specialized root morphologies, ego proteoid roots, occur in fynbos sclerophyllous shrubs of the south-western Cape, South Africa, growing in soils of low nutrient status (Low 1980 ) but estimations of levels of VA endophyte propagules have not been undertaken. Spores of V A mycorrhizal fungi are infrequent in fynbos soils Mitchell et al. 1986 ). The direct counting of spores in soils has been criticized, but the estimation of the total number of infective propagules by the 'Most Probable Number' (MPN) method may be more reliable (Porter 1979) . When the number of infective propagules in the soil is low, MPN estimates have been shown to be directly proportional to pecentage VA mycorrhizal colonization of root systems (Mitchell & Morton 1986) .
Very little is known about VA mycorrhizae in shrubland plant communities of mediterranean climate regions (Read & Mitchell 1983) : In this paper, we have estimated the V A mycorrhizal infectivity of soils of two strandveld and one sand plain lowland fynbos communities in the south-westem Cape, South Africa. These studies were undertaken during winter and early spring when the moisture status of these soils would be conducive to active root growth.
Materials and Methods
The survey of mycorrhizal distribution in strand veld and sand plain lowland fynbos plant communities was carried out during July-November 1986. Test soils were collected from Nortier Experimental Farm , Lamberts Bay (32°03'S, 18°20'E) and Melkbosstrand (33°45'S , 18°27'E), both strandveld sites and at one sand plain lowland fynbos community at Pella (33°31'S, 18°32'E) . The post-fire age of the Pella soil was 6 years . These study areas occur along the western Cape coast about 11-300 km north of Cape Town . The soils from the three sites were sampled once during the study period but not at the same time and were collected from 0-200 mm depth by means of a trowel . The vegetation in the immediate vicinity of the soils collected was representative of the vegetation communities. The soils were stored in sealed polythene bags at O°C for a maximum of 3 weeks before they were used in the MPN method and spore extraction . List of plant species, their relative coverage according to modified BraunBlanquet method and survey of species colonized by mycorrhizas were recorded from the strandveld at Nortier. The floristic nomenclature follows that of Bond & Goldblatt (1984) . These records were taken at a site which had not been grazed for the last 20 years in an area being managed for sheep grazing. Strandveld communities are mid-dense to closed broad-leafed shrub lands of tropical and subtropical Cape affinity whereas sand plain lowland fynbos are open to closed graminoid shrublands (Moll et al. 1984) . The soils of both strandveld sites were classified as Fernwood (MacVicar et al. 1977) whereas Pella soils were identified as the Clovelly (Geelhout series) . The methods of determining mean particle size, organic matter , pH and phosphorus levels were the same as those of Mitchell et al. (1984) , Witkowski et al. (1984) , Brown & Mitchell (1986) and Witkowski & Mitchell (1987) .
Examination of potential of infectivity of the three soils was done according to the MPN method (Porter 1979) . The soils were sieved through 2-mm mesh and a lO-fold dilution series was prepared by thoroughly mixing freshly sieved soil with fumigated soil (methyl bromide for 72 h). Dilutions were prepared to 10-7 and placed in 250-cm 3 polystyrene cups with each dilution replicated 5 times. All the soils were transferred to the greenhouse at the University of Cape Town and were kept watered to saturation using autoclaved distilled water. Seeds of the test plant, subterranean clover (Trifolium subterraneum L. var. Clare) were sown in each cup (5 per cup) and then thinned to 1 per cup after germination. After 7 weeks of growth, the seedlings were harvested and the root systems were cleared and stained and examined for V A mycorrhizal colonization by the detection of arbuscules (Phillips & Hayman 1970) . The most probable number of VA mycorrhizal propagules was determined as the value corresponding to the number of plants which had become mycorrhizal at successive dilutions (Alexander 1965) .
The wet sieving and decanting method was used to isolate the spores from the soil (Gerdemann & Nicolson 1963) . Soil suspensions (5 separate samples at each site) were sieved through 250, 150, 75 and 45 j.Lm meshes, transferred to a petri dish and examined under a dissecting microscope.
At Nortier Experimental Farm, plants of 41 species out of a possible 125 were selected and surveyed for presence of V A mycorrhizas . Either their entire root systems were examined immediately for mycorrhizal status or they were grown in the same soil in polystyrene cups in the greenhouse at the University of Cape Town for a further 2 months and watered with sterile distilled water. Roots were cleared and stained (Phillips & Hayman 1970 ) and the detection of arbuscules was the criterion for determining VA mycorrhizal colonization at x 100 magnification.
Results
The plant association at Nortier Experimental Farm is floristically rich with about 125 species ha-I and a projected canopy cover of about 90% . Seventy percent of the species are perennials and the rest are annuals. The six dominant species, with their relative cover values in brackets were Ehrharta calycina (10%), Eriocephalus african us (10%), Tetragonia fruticosa (10%), Zygophyllum morgsana (10%), Hermannia scordifolia (5%) and Ruschia sp. (5%) . An additional 119 species contributed the remaining 40% cover. The soils of both strandveld sites and at Pella occur in deep (about 2-m depth), medium to fine aeolian sands of low organic matter content (Table 1) . The soil at Pella had lower total and available phosphorus levels than at the other sites ( Table  1) . All mycorrhizal infections found in the strandveld plants from Nortier were endomycorrhizal of the VA type. Seventeen species (42%) were infected ( Table 2 ). The seedlings of some of these plants were very young when removed and many produced arbuscules only 2 months later. No vesicles were observed in any root systems. At least 30% of the cover was formed by nonmycorrhizal dominant species (Table 2) . Unfortunately, seedlings of Eriocephalus africanus were not investigated. This estimation of 30% may be low as many of the non-mycorrhizal species like Drosanthemum floribundum, Drosanthemum sp., Crassula expansa, C. oblanceolata and Galenia africana are common in this stand. At least 10% of the cover consisted of mycorrhizal plants (Table 2) .
Although the root systems of Blackiella ' inflata, Chenopodium murale, Exomis sp., Tetragonia fruticosa, Z. morgsana, Mesembryanthemum sp., Lavatera trimestris, D. floribundum, Arctotheca calendula and Matricaria tene/la were non-mycorrhizal (Table 2) , their cortical cells contained endobiotic, holocarpic thalli and resting sporangia belonging to the Olpidiaceae. The main families containing VA mycorrhizal examples were Oxalidaceae, Asteraceae, Poaceae and Liliaceae. Members belonging to the Aizoaceae, Crassulaceae and Zygophyllaceae were non-mycorrhizal. Chenopodiaceae is usually a family containing examples which are nonmycorrhizal (Hirell et. al. 1978 ) but arbuscules were observed in the root systems of Atriplex semibaccata ( Table 2 ). The root systems of Enneapogon sp. occurring Arctotheca calendula
Matricaria tene/la (20) Telragonia fruticosa
Ehrharla calycina
Albuca canadensis (2) Cysticapnos vesicarius (13) Eriospermum sp.
Zygophyllum morgsana ( 14) Lavatera trimestris'
Galium tomentosum (2) Enneapogon sp. ' (5) in the Poaceae, which is generally V A mycorrhizal, were not infected. The Clovelly soil at Pella contained the highest number of infective propagules whereas the Fernwood soil at Nortier Experimental Farm was the least infective (Table 3) . V A mycorrhizal spores were recovered from the soils at Melkbosstrand and Pella but not from soils at Plantk. , 1989, 55(3) Nortier (Table 3 ). The majority of spores (i.e . 78% and 96% occurring in Pella and Melkbosstrand soils respectively) were in the range of 45-150 J..lm diameter.
Discussion
Soils from the strandveld and sand plain lowla nd fynbos communities appear to have a low V A mycorrhizal potential of infectivity and have a low number of V A mycorrhizal fungal spores per g soil , despite the fact that the vegetation coverage and richness of species is high . Most of the dominant and many co-dominant species were non-mycorrhizal. This is in contrast with other ecosystems of coastal sand soils, where most of the plants are infected and the number of spores in the soil are 10-100 times higher than in the strandveld and fynbos plant communities (Koske & Halvorson 1981; Nicolson 1960; Nicolson & Johnson 1979) . VA infectivity in these soils also appears lower than in soils from well-developed pastures and eroded banks with no vegetation cover, which ranged from 20-280 propagules 100 g-! soil (Powell 1980) . The reasons for the lower potential of mycorrhizal infectivity of the south-western Cape soils are not clear. However , the surface layers of these sandy soils are subject to drying out and only 0-200 mm depth of soil was investigated. The possibility arises that spores may be found at lower depths. It may also be due to the inability of many of the indigenous species to form mycorrhizal symbiosis. All plants studied had mainly fine and highly branched root systems. Plants with coarse root systems are known to respond more to inoculation by VA mycorrhizal fungi than do those with fine roots (Linderman 1988) . Root systems of examples of South African Proteaceae, a dominant family in the fynbos, are non-mycorrhizal (Lamont 1983a ; JongensRoberts & Mitchell 1986 ) but universally possess proteoid roots (Low 1980; Lamont 1983b) . Invasive weeds e .g. Acacia saligna and A . cyclops infest large areas of the south-western Cape and part of their success has been attributed to their V A mycorrhizal colonization . Although the MPN method is an established one , calculations may be underestimates of the potential of infectivity since roots may not be exposed to the entire soil volume . However, spore counts were also very low. The VA mycorrhizal colonization of roots leads to increased plant growth (Hayman 1970; Giovannetti 1985) . As the natural vegetation of the lowland areas of the western Cape are used for sheep grazing, the growth and development of these grazing plants may be affected by their possible limited potential to being mycorrhizal.
